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Abstract 



PROBLEM TO BE SOLVED: To provide a substrate holder excellent in plasma stability in which the joint is 
not cracked even if it is subjected to a thermal load, e.g. repeated temperature rise or temperature drop, or 
exposed to high temperature atmosphere for a long time and the possibility of heavy metal contamination is 
eliminated by preventing a metallic electrode plate from being exposed to plasma. 

SOLUTION: The substrate holder comprises a basic body 2 of sintered ceramics, a sintered ceramics plate 3 
entirely covering the joint face of the basic body, a metallic electrode plate 4 grasped between the basic body 
and the cover plate, and an applying electrode 5 having one end connected with the electrode plate wherein 
the basic body and the cover plate are jointed airtightly and an oxynitride glass layer containing at least two 
kinds of element selected from group IN a elements, aluminum and silicon is formed on the joint interface. 
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JP 2000-277592, A 

[Title of the Invention] 
SUBSTRATE-HOLDING DEVICE 

[Abstract] 

[Object] To provide a substrate-holding device which is excellent in 
stability against plasma, of which bonding parts are not cracked even 
when the device is burdened with thermal load by repeated heating and 
cooling and exposed to high temperature atmosphere for a long duration, 
of which an electrode plate made of a metal is prevented from exposure to 
plasma and, accordingly, which is free from heavy metal contamination. 
[Solution] A substrate-holding device 1 comprises: a substrate 2 made of a 
ceramic sintered body; a covering plate 3, made of a ceramic sintered body, 
for covering the entire region of the bonding face of the substrate; an 
electrode plate 4 made of a metal, which is held between the substrate 
and the covering plate; and an electrode 5 for application having one end 
connected to the electrode plate 4, wherein the substrate and the covering 
plate are air-tightly bonded to each other by an adhesive, and an 
oxynitride glass layer containing at least two elements selected from 
group Ilia elements in the periodical table, aluminum and silicon is 
formed in the bonding interface. 

[Claims] 

1. A substrate-holding device comprising: a substrate made of a 
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ceramic sintered body; a covering plate, made of a ceramic sintered body, 
for covering the entire region of the bonding face of the substrate; an 
electrode plate made of a metal, which is held between the substrate and 
the covering plate; and an electrode for application having one end 
connected to the electrode plate, wherein the substrate and the covering 
plate are air-tightly bonded to each other by an adhesive, and an 
oxynitride glass layer containing at least two elements selected from 
group Ilia elements in the periodical table, aluminum and silicon is 
formed in the bonding interface. 

2. The substrate-holding device according to Claim 1, wherein 
the electrode plate functions as an electrode for plasma generation by 
application of a high frequency voltage and/or an electrode for 
electrostatic attraction by application of a direct current voltage. 

3. The substrate-holding device according to Claim 1, wherein 
the ceramic sintered body is an aluminum nitride sintered body or an 
aluminum nitride-based sintered body and the electrode plate is made of 
a high melting point metal such as molybdenum, tungsten, tantalum, 
niobium or an alloy thereof. 

[Detailed Description of the Invention] 
[0001] 

[Technical Field of the Invention] 

The present invention relates to a substrate-holding device to be 
employed for film formation process of a wafer in a semiconductor 
producing device or the like. 
[0002] 



[Prior Art] 

In semiconductor producing process using plasma, a stage to 
mount a substrate thereon is required to have a variety of functions. 
For example, plasma generation function, electrostatic attraction function 
for close adhesion of a substrate to the stage, temperature control 
function for keeping the substrate temperature and the like. If one 
united stage satisfies all of these functions, a remarkably compact and 
highly efficient substrate-holding device can be obtained. 
[0003] 

Conventionally, a substrate-holding device which comprises an 
attraction face formed by bonding an electrode plate made of metal to a 
substrate made of an aluminum nitride ceramic or the like and further 
forming an aluminum nitride film on the surface of the electrode plate 
and which is made possible to apply high frequency voltage for plasma 
generation and/or direct current high voltage for electrostatic attraction 
to the electrode plate has been known. 
[0004] 

Also, as another substrate-holding device, has been known a 
device which comprises a plate-like plasma electrode made of a high 
melting point metal such as molybdenum, which is held between two 
upper and lower aluminum nitride ceramics, wherein the aluminum 
nitride ceramics are bonded with each other by a heat resistant and 
insulating glassy adhesive. 
[0005] 
[Problems] 



With respect to a substrate-holding device in which an electrode 
plate made of a metal is covered with aluminum nitride films among 
substrate-holding devices based on conventional techniques, since the 
aluminum nitride film is formed by a vapor phase growth method such as 
CVD, the adhesion strength of the film is not necessarily sufficient and 
when the film thickness is made thick, the film is easily peeled and 
therefore the film thickness is limited to about 10 jam. When the film 
thickness is 10 |nm or less, there is such a problem of that a portion of the 
aluminum nitride film to be exposed to plasma is hit with radical 
molecules and atoms and thus made thin and the volume resistance is 
decreased to result in difficulty of even plasma generation and inferior 
durability. 
[0006] 

Further, with respect to the substrate-holding device in which 
aluminum nitride ceramics are bonded with each other by a heat 
resistant glassy adhesive, since the device is burdened with high thermal 
load by repeated heating and cooling and exposed to high temperature 
atmosphere for a long duration, and bonding strength of the bonding 
parts has large dispersion, there occur the problems that cracks are 
easily formed in the bonding parts and that the metal electrode for 
plasma generation is exposed to plasma and contamination by heavy 
metals derived from a metal electrode material arises; 
[0007] 

[Problems to be Solved by the Invention] 

The present invention is accomplished in consideration of the 



above-mentioned problems of conventional techniques and an object of 
the present invention is to provide a substrate-holding device which is 
excellent in stability against plasma, of which bonding parts are not 
cracked even when the device is burdened with thermal load by repeated 
heating and cooling and exposed to high temperature atmosphere for a 
long duration, of which an electrode plate made of a metal is prevented 
from exposure to plasma, and which is free from heavy metal 
contamination. 
[0008] 

[Means for Solving the Problems] 

As practical means for effectively solving the above-mentioned 
problems, a substrate-holding device relevant to Claim 1 is a 
substrate-holding device comprising: a substrate made of a ceramic 
sintered body; a covering plate, made of a ceramic sintered body, for 
covering the entire region of the bonding face of the substrate; an 
electrode plate made of a metal, which is between the substrate and the 
covering plate; and an electrode for application having one end connected 
to the electrode plate, wherein the substrate and the covering plate are 
air-tightly bonded to each other by an adhesive, and an oxynitride glass 
layer containing at least two elements selected from group Ilia elements 
in the periodical table, aluminum and silicon is formed in the bonding 
interface. 
* [0009] 

In a substrate-holding device according to Claim 2, the electrode 
plate functions as an electrode for plasma generation by application of a 



high frequency voltage and/or an electrode for electrostatic attraction by 

application of a direct current voltage. 

[0010] 

In a substrate-holding device according to Claim 3, the ceramic 
sintered body comprises an aluminum nitride sintered body or an 
aluminum nitride-based sintered body and the electrode plate is made of 
a high melting point metal such as molybdenum, tungsten, tantalum, 
niobium or an alloy thereof. 
[0011] 

[Embodiment of the Invention] 

Hereinafter, an embodiment of the present invention will be 
described with reference to the drawings. The description of the 
embodiment is only for enabling the present invention to be understood 
purely by way of non-limiting example and it is not intended that the 
present invention be limited to the illustrated embodiments. 
[0012] 

In this embodiment, as illustrated in Fig. 1 and Fig. 2, a 
substrate-holding device 1 comprises a substrate 2 made of a ceramic 
sintered body and having a recessed groove 11 in the top face, an 
electrode plate 4 made of a metal which is fitted in the recessed groove 11, 
a covering plate 3 made of a ceramic sintered body covering the entire 
region of the substrate 2 and the electrode plate 4, which is mounting a 
substrate (not illustrated) thereon, an application electrode 5 for applying 
high frequency voltage for plasma generation and/or direct current 
voltage for electrostatic attraction, having one end connected to the 



electrode 4, which is made of molybdenum excellent in heat resistance, 
and a thermocouple 6 for measuring the temperature of the covering 
plate 3. 
[0013] 

The substrate 2 and the covering plate 3 are air-tightly bonded to 
each other by an adhesive and an oxynitride glass layer containing at 
least two elements selected from group Ilia elements in the periodical 
table, aluminum and silicon is formed in the bonding interface and the 
thickness of the bonding layer 7 after bonding is controlled to be 5 to 180 
jim. 
[0014] 

Further, in the substrate-holding device 1 according to this 
embodiment, heater elements 8 may be embedded in the inside of the 
substrate 2. That is, the substrate 2 comprises a substrate lower plate 
2a made of a ceramic sintered body having recessed grooves 12 in the top 
face, the heater elements 8 fitted in the recessed grooves 12, a substrate 
upper plate 2b made of a ceramic sintered body which is covering the 
entire region of the substrate lower plate 2a and the heater elements 8, 
and at least a pair of electrodes 9 for feeding a power to the heaters which 
is connected to the heater elements 8 at one end and which is made of 
molybdenum excellent in heat resistance. 
[0015] 

The substrate lower plate 2a and the substrate upper plate 2b are 
air-tightly bonded by an adhesive and an oxynitride glass layer 
containing at least two elements selected from group Ilia elements in the 



periodical table, aluminum and silicon is formed in their bonding 
interface. The thickness of the bonding layer 10 after bonding is 
controlled to be 5 to 180 Jim. 
[0016] 

Hereinafter, the requirements for the respective components 
composing the present invention will be described in detail. 
[Electrode plate] 

Plasma can be generated by applying high frequency voltage to 
the electrode plate 4 through the application electrode 5 from a plasma 
generation power source. At that time, since the electrode plate 4 is a 
metal plate having a sufficient thickness Ti of 0.025 mm or more, it has 
the following advantageous points: (1) there is no risk of burning out and 
disconnection by heat generation even when high frequency voltage is 
applied; (2) plasma can be densely, stably and evenly generated in the 
whole region unlike the case of plasma generation by using a lattice type 
or mesh type electrode; and (3) connection of the electrode plate 4 and the 
electrode 5 for application can be reliably formed between a plane and a 
rod. 
[0017] 

When a direct current high voltage of about 500 V is applied to 
the foregoing electrode plate 4 through the application electrode 5 from 
an electrostatic attraction power source, the covering plate 3 functions as 
an insulator and an object to be attracted such as a silicon substrate can 
be electrostatically attracted. When a high frequency voltage from a 
power source for generating plasma and a direct current high voltage 
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from a power source for electrostatic attraction are applied to the 
electrode plate 4, a filter capable of cutting the high frequency may be 
installed between the power source for electrostatic attraction and the 
electrode for power application. 
[0018] 

Further, the above-mentioned electrode plate 4 is preferably made 
of a high melting point metal such as molybdenum, tungsten, tantalum, 
niobium or an alloy thereof because (1) the plate is provided with a 
thermal expansion coefficient close to that of a ceramic; (2) it is stable at 
a heating temperature and in the atmosphere in the bonding step; (3) it 
has a low intrinsic resistance; and (4) it can be used for a long duration in 
a practical use temperature range from room temperature to 1000°C. 
[0019] 

[Ceramic sintered body] 

Materials for the above-mentioned substrate lower plate 2a, 
substrate upper plate 2b, and covering plate 3 are not particularly 
limited; however, they are preferably formed from an aluminum nitride 
sintered body or an aluminum nitride-based sintered body owing to high 
thermal conductivity, mechanical strength, resistance to plasma, and 
durability to plasma cleaning gases such as CF4, C2F6 and C3F8. Those 
produced by known methods can be used as the aluminum nitride 
sintered body and the aluminum nitride-based sintered body. 
[0020] 

[Glassy adhesive] 

The following is the reason for using the oxynitride glass layers 



containing at least two elements selected from group Ilia elements in the 
periodical table, aluminum and silicon as bonding layers for air-tightly 
bonding the substrate 2 holding the electrode 4 to the covering plate 3 
and the substrate lower plate 2a embedding the heater elements therein 
and the substrate upper plate 2b and owing to the use of the glassy 
bonding layers, the air-tightness of the bonding parts 7 and 10 can be 
remarkably improved and the air-tightness can be kept for a long 
duration. 
[0021] 

That is, the oxynitride glass having the above-mentioned 
components has good wettability to a ceramic sintered body, excellent 
bonding strength, good air-tightness in the bonding parts 7 and 10, 
narrow dispersion of the bonding strength, and excellent heat resistance. 
[0022] 

The thermal expansion coefficient of the oxynitride glass 
containing the above-mentioned components is 3 x 10~ 6 to 8 x 10" 6 /°C and 
almost same as or close to the thermal expansion coefficient of an 
aluminum nitride sintered body (3.8 x 10~ 6 to 4.7 x 10~ 6 /°C) which is 
preferably used among ceramic sintered bodies. Accordingly, damages of 
the bonding layers 7 and 10 by thermal stress at the time of application 
of heat load for repeated temperature increase and decrease, that is 
occurrence of cracking, can be avoided. Therefore, the air-tightness of 
the bonding layers 7 and 10 can be maintained for a long duration. 
Further, the glass softening point Tg of the oxynitride glass layer 
containing the above-mentioned components is as high as 850 to 950°C 
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and the bonding layers 7 and 10 are not deteriorated even after exposure 

to high temperature atmosphere for a long duration. 

[0023] 

The adhesives capable of forming the oxynitride glass layers can 
be produced as follows. At first, silicon dioxide and aluminum oxide or 
compounds to be these oxides by heating are mixed with oxides of at least 
two elements selected from group Ilia elements in the periodical table as 
raw material powders for a bonding material. 
[0024] 

The oxides of group Ilia elements in the periodical table are not 
particularly limited and examples thereof may include Y2O3, Dy203, 
Er203, Gd2C>3> La2C>3, Yb203> Sm2C>3 and the like. Among them, in view 
of the cost and the availability, Y2O3 is most preferable as one of the 
oxides of the group Ilia elements and Dy203, Er2C>3 and Yb203 , which are 
easy to form full solid-solution with Y2O3 are preferable as other oxides of 
the group Ilia elements and especially Dy203 is particularly preferable in 
view of the cost. 
[0025] 

The composition ratios of the above-mentioned respective 
components are not particularly limited; however, it is preferable to mix 
these components so as to obtain a melt containing at least two elements 
selected from group Ilia elements in the periodical table in the total 
amount of 20 to 50% by weight in terms of oxide, silicon dioxide in an 
amount of 30 to 70% by weight, and aluminum oxide 10 to 30% by weight 
since the obtained melt has a low melting point and excellent wettability 
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to a ceramic member or the like. Further, in the case where the 
elements selected from group Ilia elements in the periodical table are two 
elements, it is preferable to mix oxides of these two group Ilia elements 
at about 1 : 1 mole ratio since the melting temperature of the obtained 
bonding material becomes lowest. 
[0026] 

The above-mentioned raw material mixed powder is pulverized to, 
for example, a diameter of 5 jiim or less and, after being melted at 1500 to 
1700°C, the raw material mixture was quenched to obtain a glassy cooled 
material and the material is again pulverized to about a diameter of 5 jam 
to obtain an adhesive of the molten fine powder with a uniform 
composition. The atmosphere for the production of the adhesive is not 
particularly limited; however, when the production steps are carried out 
in nitrogen atmosphere, oxynitride glass is formed and when in 
non-nitrogen atmosphere, oxide glass is formed. In the present 
invention, it is indispensable to form an oxynitride glass layer in the 
bonding interface, so that it is preferable to carry out the steps of 
producing the bonding material in nitrogen-containing atmosphere so as 
to previously vitrify the bonding material to be oxynitride. The 
nitrogen-containing atmosphere may be produced using N2 gas, H2-N2 
mixed gas or NH3 gas. 
[0027] 

Further, Si3N4 powder and/or A1N powder in an amount of 1 to 
50% by weight out of the total weight is preferable to be added to the 
above-mentioned bonding material. That is, addition of Si3N4 powder 
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and/or A1N powder decreases the thermal expansion coefficient of the 
oxynitride glass and, also, improves the heat resistance. When the 
addition amount is less than 1% by weight, the addition is meaningless 
and when it exceeds 50% by weight, the adhesion strength is inversely 
decreased. The particle size of the Si3N4 powder and/or A1N powder is 
not particularly limited; however, the powder with an average particle 
diameter of 0.8 fim or less is preferable in view of formation of oxynitride 
glass with an even concentration. 
[0028] 

[Thickness of bonding layer] 

The reason for adjusting the thickness of the bonding layer 7 of 
the substrate 2 and the covering plate 3 after bonding to be preferably 5 
to 180 Jim and the thickness of the bonding layer 10 of the substrate 
lower plate 2b and the substrate upper plate 2b after bonding to be 
preferably 5 to 180 |im is as follows and the air-tightness of the bonding 
parts can be firmly maintained. 
[0029] 

That is, when the thickness of the bonding layer 7 is less than 5 
jam, fillet formation in the end parts of the bonding layer 7 is insufficient. 
Therefore, air-tightness of the bonding part 7 cannot be secured and the 
bonding strength is also insufficient. On the other hand, when the 
thickness of the bonding layer 7 exceeds 180 pm, although the 
air -tightness of the bonding layer 7 can be secured, the bonding strength 
tends to be easily decreased. Owing to the heating at the time of 
bonding, the melted glassy adhesive flows out of the end parts of the 
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bonding layer 7 to make it impossible to bond the substrate 2 and the 
covering plate 3 in parallel. Accordingly, the production yield is 
decreased and the bonding work is possibly interrupted in some cases. 
[0030] 

Meanwhile, when the thickness of the bonding layer 10 is less 
than 5 |iim, fillet formation in the end parts of the bonding layer 10 is 
insufficient. Therefore, air-tightness of the bonding part 10 cannot be 
secured and the bonding strength is also insufficient. On the other hand, 
when the thickness of the bonding layer 10 exceeds 180 |jm, although the 
air-tightness of the bonding layer 10 can be secured, the bonding strength 
tends to be easily decreased. Owing to the heating at the time of 
bonding, the melted glassy adhesive flows out of the end parts of the 
bonding layer 10 to make it impossible to bond the substrate lower plate 
2a and the substrate upper plate 2b in parallel. Accordingly, the 
production yield is decreased and the bonding work is possibly 
interrupted in some cases. 
[0031] 

[Heater element] 

A material for the above-mentioned heater elements 8 is not 
particularly limited; however, because of the following reasons, the 
material is preferably a silicon carbide sintered body obtained by 
sintering without additive addition and having a sintered density of 2.8 
g/cm 3 or more and a specific electric resistance of 0.1 Q.cm or less at room 
temperature. The covering plate 3 can be maintained at a prescribed 
temperature by applying an electric power to the heater elements 8. 
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[0032] 

The heater elements 8 made of such a silicon carbide sintered 
body can be produced by any of the following summarized methods 
described, for example, in Japanese Unexamined Patent Publication No. 
4-65361. 

(1) A first silicon carbide powder with an average particle 
diameter of 0.1 to 10 Jim and a second silicon carbide powder having an 
average particle diameter of 0.1 Jim or less, which is obtained by 
introducing raw material gases consisting of a silane compound or a 
halogenated silicon together with a hydrocarbon into plasma in 
non-oxidizing atmosphere and carrying out vapor phase deposition while 
controlling the pressure of the reaction system to be less than one 
atmospheric pressure to 0.1 torr are mixed and sintered by firing to 
obtain a silicon carbide sintered body and the sintered body is subjected 
to electric discharge processing according to desired patterns to obtain 
heater elements. 

[0033] 

(2) A silicon carbide powder having an average particle diameter 
of 0.1 yon or less, which is obtained by introducing raw material gases 
consisting of a silane compound or a halogenated silicon together with a 
hydrocarbon into plasma in non-oxidizing atmosphere and carrying out 
vapor phase deposition while controlling the pressure of the reaction 
system to be less than one atmospheric pressure to 0.1 torr is sintered by 
firing to obtain a silicon carbide sintered body and the sintered body is 
subjected to electric discharge processing according to desired patterns to 
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obtain heater elements. 
[0034] 

Accordingly, since these heater elements 8 are made of silicon 
carbide sintered bodies obtained by sintering without additive addition, 
that is, without foreign substance addition, they are even. Consequently, 
no partial abnormal heat generation takes place and partial melting of 
the bonding layer 10 and consequent leakage in the bonding parts are not 
caused. As a result, the air-tightness of the bonding layer 10 can be 
further reliably secured. 
[0035] 

Since the sintered bodies are extremely pure owing to no additive 
addition and have a density as high as 2.8 g/cm 3 sintering density, even 
when leakage occurs in the bonding parts and the air-tightness is 
deteriorated, no additive, that is no impurity, is evaporated from the 
heater elements 8 and for that, there is no risk of pollution in a reaction 
chamber. Further, since the sintered bodies are excellent also in the 
high temperature strength, deformation and disconnection of the heater 
elements 8 by thermal impacts do not occur and also since the specific 
electric resistance is as low as 1 CI • cm or less at room temperature, it is 
not required for the heater elements 8 to be made fine and thin. 
Therefore, there is no risk of disconnection of the heater elements 8. 
[0036] 

The substrate-holding device according to this embodiment can be 
produced as follows, for example. The substrate lower plate 2b having 
recessed grooves in the surface and the substrate upper plate 2a are 
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formed by pressing a die haying projected parts in the surface to ceramic 
formed bodies and sintering the formed bodies. The sintering conditions 
such as sintering temperature or the like may be controlled according to 
those in a conventional method. The covering plate 3 is also formed by a 
conventional method. 
[0037] 

The electrode plate 4 and the heater elements 8 formed by the 
above-mentioned method are arranged so as to fill the recessed grooves 
10 of the substrate upper plate 2b and the recessed grooves 11 of the 
substrate lower plate 2a, respectively. 
[0038] 

Next, the above-mentioned finely pulverized glassy adhesive is 
mixed with a screen oil to produce a paste and the paste type glassy 
adhesive is applied to the respective bonding faces of the substrate lower 
plate 2a whose recessed grooves 11 are filled with the heater elements 8 
and the substrate upper plate 2b as well as to the respective bonding 
faces of the substrate upper plate 2b whose recessed grooves 10 are filled 
with the electrode plate 4 and the covering plate 3, and dried at 100 to 
200°C. 
[0039] 

After that, while holding the heater elements 8 and the electrode 
plate 4, respectively, through the faces coated with the glassy adhesive, 
the substrate lower plate 2a, the substrate upper plate 2b and the 
covering plate 3 are laminated and the glassy adhesive is melted by 
heating in an electric furnace and bonding is performed by heating at 
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1300 to 1500°C for 5 to 40 minutes. 
[0040] 

The heating is carried out in normal pressure or under pressure of 
about 10 atmospheric pressure or less. The atmosphere at the time of 
heating differs depending on the adhesive to be employed. That is, in 
the case of using an adhesive containing oxynitride glass, since the 
adhesive is previously converted into oxynitride, the atmosphere may be 
no nitrogen-containing atmosphere; however, nitrogen-containing 
atmosphere is preferable. On the other hand, in the case of an oxide 
glass-containing adhesive is used, a nitrogen source is required for 
converting the oxide glass into oxynitride and heating is carried out in 
nitrogen-containing atmosphere. The nitrogen-containing atmosphere 
can be produced by using N2 gas, H2-N2 mixed gas, NH3 gas or the like. 
[0041] 

The heated and melted adhesive is provided with bonding 
strength by cooling and solidifying treatment and it is preferable to 
gradually cool the adhesive but not quench it quickly so as to keep the 
intake of nitrogen high and stabilize the oxynitride glass layers. The 
cooling rate is preferably 50°C/min or less, more preferably 30°C/min or 
less. 
[0042] 

In order to adjust the thickness of the bonding layers 7 and 10 
after bonding to be in the above-mentioned range, the treatment 
conditions such as the amount ratios of the finely pulverized glassy 
adhesive and the screen oil, the application amount of the paste type 
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glassy adhesive, the heating temperature at the time of bonding and the 

duration should be properly controlled. 

[0043] 

[Examples] 

Hereinafter, examples of the present invention will be described in 

detail. 

[Examples 1 to 5] 

A substrate lower plate made of an aluminum nitride sintered 
body having a diameter of 220 mm, a thickness of 15 mm and spiral 
recessed grooves with a width of 5 mm and a depth of 3 mm in the surface 
for disposing heater elements therein; a substrate upper plate made of an 
aluminum nitride sintered body having a diameter of 220 mm, a 
thickness of 8 mm and a circular recessed groove with a diameter of 200 
mm and a depth of 3 mm in the surface for disposing an electrode plate 
made of metal therein; and a covering plate made of an aluminum nitride 
sintered body with a diameter of 220 mm and a thickness of 1 mm were 
produced by a conventional method. 
[0044] 

On the other hand, heater elements with a shape to be disposed in 
the above-mentioned spiral recessed grooves and made of a silicon carbide 
sintered body obtained by sintering without addition of a sintering aid or 
additive for providing conductivity and having a sintered density of 3.1 
g/cm 3 and a specific electric resistance of 0.05 £1 • cm at room temperature 
were produced by the production method (1) described in the paragraph 
[0033]. The average particle diameter of the first silicon carbide powder 
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to be employed in the production method (1) was 0.7 jam and the addition 
amount was 95% by weight; the average particle diameter of the second 
silicon carbide was 0.01 jam and the addition amount was 5% by weight; 
and the hot press sintering conditions were 400 kg/cm 2 press pressure, 
2200°C sintering temperature and 90 minutes sintering duration. As 
the electrode plate, a molybdenum plate with a diameter of 200 mm and a 
thickness of 0.3 mm was made ready. 
[0045] 

Next, glassy adhesives (particle diameter of about 2 jam) having 
the compositions shown in Table 1 were mixed with a commercially 
available screen oil to produce pastes and the obtained paste type glassy 
adhesives were applied to the respective bonding faces of the substrate 
lower plate whose spiral recessed grooves were filled with the heater 
elements and the substrate upper plate as well as to the respective 
bonding faces of the substrate upper plate whose recessed groove was 
filled with the electrode plate and the covering plate, and dried at 100 to 
200°C. 
[0046] 

After that, while holding the above-mentioned heater elements 
and electrode plate, through the faces coated with the glassy adhesive, 
the substrate lower plate, the substrate upper plate and the covering 
plate were laminated and the glassy adhesive was melted by heating in 
an electric furnace under N2 gas atmosphere and air-tight bonding was 
performed by heating at 1400°C for 20 minutes. The cooling rate was 
25°C/min and the thickness of both bonding layers after the bonding was 
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50 ^im. Formation of oxynitride glass in the bonding interfaces was 

confirmed by Auger electron spectroscopy. 

[0047] 

In order to confirm the air-tightness of the bonding part of the 
substrate upper plate and the covering plate of each substrate-holding 
device produced in such a manner, each substrate-holding device was 
subjected to a durability test. The results of the test are shown in Table 
1. Summary of the durability test was as follows. 
[0048] 

Each ceramic heater was heated from a room temperature to the 
highest temperature, 700°C, in 1 hour by applying electricity to the 
ceramic heater and kept at the highest temperature for 30 minutes and 
then gradually cooled to a room temperature. The air-tightness of the 
foregoing bonding part was tested by a leak test using He gas after such a 
heat cycle was repeated 100 times. The evaluation standards of the 
air-tightness were as follows. 

O: the leakage amount of He was 10" 9 torr • 1/sec or less: 
A: the leakage amount of He was 10~ 9 to 10 _8 torr • 1/sec: and 
X : the leakage amount of He was 10~ 8 torr • 1/sec or more. 
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[0049] 
[Table 1] 





Adhesive raw material powder composition 
(% by weight) 


Air-tightness 


Dy 2 0 3 


Y2O3 


AI2O3 


Si0 2 


Example 1 


15 


10 


25 


50 


O 


Example 2 


15 


15 


25 


45 


O 


Example 3 


15 


15 


20 


50 


O 


Example 4 


20 


20 


20 


40 


O 


Example 5 


25 


25 


15 


35 


O 



[0050] 

[Comparative Examples 1 to 6] 



Substrate-holding devices were produced according to Examples 1 
to 5 and subjected to the durability test. The glassy adhesive 
compositions employed were as shown in Table 2. 
[0051] 
[Table 2] 





Adhesive raw material powder 
composition 
(% by weight) 


Air-tightness 


Dy 2 0 3 


Y 2 Os 


Al 2 O a 


Si0 2 


Comparative 
Example 1 


0 


20 


40 


40 


X 


Comparative 
Example 2 


0 


35 


20 


45 


A 


Comparative 
Example 3 


0 


40 


10 


50 


X 


Comparative 
Example 4 


20 


0 


40 


40 


X 


Comparative 
Example 5 


35 


0 


20 


45 


A 
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Comparative 
Example 6 


40 


0 


10 


50 


X 



[Example 6] 

[Plasma durability test] 

The substrate-holding device of Example 1 was set in a vacuum 
chamber and plasma was generated in atmosphere of CF4 + H2 (5 torr) for 
a durability test to find that the plasma was stable even after 500 hours 
and the device was excellent in durability. 
[00531 

[Comparative Example 7] 

A substrate lower plate, a substrate upper plate, an electrode 
plate and heater elements same as those of Examples 1 to 5 were made 
ready. The heater elements were fatted in the recessed grooves of the 
substrate lower plate and the electrode plate was put on the substrate 
upper plate and they were bonded to one another by using an adhesive 
consisting of Ag (72% by weight)-Cu (25% by weight)-Ti (3% by weight) at 
870°C for 20 minutes in vacuum of 10" 5 torr. After that, a 10 jam-thick 
aluminum nitride thin film was deposited on the electrode plate by CVD 
method to produce a substrate-holding device. The substrate-holding 
device was subjected to the durability test according to the test in 
Example 6 to find that the plasma became unstable after 120 hours and 
plasma generation was ceased after 165 hours. That is supposedly 
attributed to decrease of the intrinsic volume resistance of the aluminum 
nitride thin film. When the air-tightness of the substrate-holding device 
was tested according to the test in Examples 1 to 5, He leakage amount 
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was 10" 5 torr • 1/sec and the air-tightness of the bonding parts was found 

inferior. 

[0054] 

[Effects of the Invention] 

As described above, a substrate-holding device according to claim 
. 1 of the present invention is a substrate-holding device comprising: a 
substrate made of a ceramic sintered body; a covering plate, made of a 
ceramic sintered body, for covering the entire region of the bonding face of 
the substrate; an electrode plate made of a metal, which is between the 
substrate and the covering plate; and an electrode for application having 
one end connected to the electrode plate, wherein the substrate and the 
covering plate are air-tightly bonded to each other by an adhesive, and an 
oxynitride glass layer containing at least two elements selected from 
group Ilia elements in the periodical table, aluminum and silicon is 
formed in the bonding interface. Therefore, the substrate-holding device 
is excellent in stability against plasma; bonding parts of the device are 
not cracked even when the device is burdened with thermal load by 
repeated heating and cooling and exposed to high temperature 
atmosphere for a long duration; the electrode plate made of a metal of the 
device is prevented from exposure to plasma; and heavy metal 
contamination can be prevented. 
[0055] 

Further, in a substrate-holding device according to claim 2, the 
electrode plate functions as an electrode for plasma generation by 
application of a high frequency voltage and/or an electrode for 
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electrostatic attraction by application of a direct current voltage. 
Therefore, burning out of the electrode plate does not take place even 
when high frequency voltage is applied; being excellent in durability of 
the electrode; plasma can be densely, stably and evenly generated in the 
whole region; and connection of the electrode plate and the application 
electrode can be reliably secured between a plane and a rod. 
[0056] 

Further, in a substrate-holding device according to claim 3, the 
ceramic sintered body is an aluminum nitride sintered body or an 
aluminum nitride-based sintered body and the electrode plate is made of 
a high melting point metal such as molybdenum, tungsten, tantalum, 
niobium or an alloy thereof. Therefore, the device can be uniform and 
highly heat resistant; partial abnormal heat generation can be prevented; 
and durability is thus improved. 
[Brief Description of the Drawings] 

Fig. 1 is a vertical cross-sectional view of a substrate-holding 
device according to an embodiment of the present invention. 

Fig. 2 is a vertical cross-sectional exploded view for illustrating a 
substrate-holding device according to another embodiment of the present 
invention. 

[Explanation of Symbols] 

1 substrate-holding device 

2 substrate made of ceramic sintered body 
2a substrate lower plate 

2b substrate upper plate 
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3 covering plate made of ceramic sintered body 

4 electrode plate made of metal 

5 electrode for applying high frequency and/or direct current voltage 

6 thermocouple 

7 bonding layer 

8 heater element 

9 electrode for feeding electric power to heater 

10 bonding layer 

11, 12 recessed grooves 



[Fig.l] 



1 substrate-holding device 

3 covering plate 
2b substrate upper plate J * 




substrate 



7 bonding layer 
j-*^4 electrode plate 

10 bonding layer 



8 heater element 1 \ % 9 electrode for feeding 

5 electrode for applying high I 1 electric polwer to heater 

frequency and/or direct \ 2a substrate lower plate 

current voltage 6 thermocouple 
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[Fig.2] 



3 covering plate 



1 1 

recessed A , . , 

groove rmw i i n Tim * **** **** m eu amvw * w — 4 electrode 
^ » plate 

heater 

element 

2b 

1 2 recessed groove substrate 

upper plate 

2 substrate 
lower plate 
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n«« i «ce»®s««*£8E. 

[0 0 0 1 ] 
[0 0 0 2 ] 

-Stcffio/cfeco^g»«Sg^r*^o for, eft 

6<D«ffcCD:£T£— #{b£ftft: 1 -3<D*^-i?rS3iPtt 
[0 00 3 ] fie*3&»&. BMbT^S-^A-fe^S 

^^aasff±cc2feH«©«««*is^o, steams 

[0 00 41 S/C, fttOlfifiWttliLr, *rl> rZ-r 
>*<OiBB^«r»Ji!E3 ftfc«tt©^5 

T2tt©a{bT^5-^A-fe^5 ?**cciEjssft. m 
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«*«<r*i*JBb*n^<D-C % RJ5B 10 ymgg 

Vijfrttft^ jRTcciorPD^ftraKtto, 

[0 00 6] Sfc. fittTA-S-^A-fe^ 5 ?f*EJ± 
[0 00 7 ] 

20 ^gflCt^ ^*«A61 ^KSMWEtf^XvcciB 
3ft5C4#Jtc<, 4r>-C*#K»«fe©K*tai»»«« 

[0 00 8] 

4, C<D»*©S£ffi<Z>±««*«5Hz<5 =■ ? 
f^<0i£§S£:<Ix. * 4 4 1> «c , IHBSf* 4 15 eiOFK 

30 s^s^3ft/cEpjjnfflms^<f^/cSS«^^r*o 

5ft, *©«^»ffl«cttHJHa» IIIa«5c3R^6«« 
ftfcd>tt< <fcfc2«©7c3R4 % TJ^-^Ai, mm* 

[0 00 9] Sfc, .IB«qi2«c«SS«fiU$SeKB. W 

IE^S«^. Hfja«*EE©aiJOCC J: 0 77Xv^lffll 
Silt, ayf/X«. i£aSEE©EPfti«:j:0»WR* 
fflli 4 0 r tS&g-r SCi 4 T £ o 

40 [ooioufc, n^3(c««s««}»m». m 

ft 6 <D^^ffHL^IR^ 6 & C 4 £1$S*4 IT « . 
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* * *HM*«©*ffl« 3 i . mfia^&fi 4 (C 
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III a JiTnjgfr 631* *ifi:4>& < i 2 a©7c3B £ . 7 

JWfcJ&Sti. ^«<D«^e7©/S*36« 5-1S0 At mi 

[0014] *fc. C<B«tt0£flMc:ft&£Ktt}$&K 

HCA-a-Cti. MI2S«:2©P , 3a5JCb-$!XU>>h 8 
aiKW€>n-cfc&i>. Ttttofc. S?fas<* 2 ±fficc 
G!tift 1 2 jWBfiSSftfcte? 5 y 9 xmmv&<z>36#rrH 20 

«2a<h. C<DCfl«l 2GC$&»3ft/<:fc-£iU.rf> h 
Si. |t)ISSi*Tg|J^2a£B?iat-$jiU^>H80 
±ffiW*m'?-k7 5 » **&il&f*g!©»*±§B«2 b 
i. i5iat-*AUy> h 8ic— 4SS*sSSKS*x % ififflftte 
tcaftft:-* K: J: 0 JftdE 3 ftfc4>«c < i 1 *f© 

fc-**£fSJS^S9 4MtU5„ 
[ 0 0 1 5 ] ■* Or. flil&&*TSIK2 a imFiaSfl:± 

ffitcttJSJWfiSr HlaJl7cfft^63«:n/c4>fc< ifc2 

a©5SR£. t^5-^a£. aeR*$«f*+i^±^ h 30 

** 5—180 Aimi&&J:5(ct3Ji££ft"CI,>£. 
[0016] HT. *«9H*«lSr4»««Sfr«:-oC» 

r#arr*. 

« 0.025mmfeU:©?Efl-fc/3*T 1 Sr^ofcsfeKST* 

ftsisaj&t»ffe. otsT-t«;$/c«> 40 
sterns trnte*)* ±mcmm. ss. 

X-7£2fe£$-t**Ci#-Ct. OIK. mSfi4 iETOJII 
[0017] $fc. ffrf2mSS4 KEn»OTm©5 

t»*k*jb**<i: *j 5oovgg©itij£smE?:Enftn-r 
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[0018] H«C. I>rie^ffi«4 «. ®427 5 9 **© 

xa*©sMiSiafiac) { s:Ha«:^sr* set. oa 

WffiSHB#<gt»C<t. 1000 "CS-C(D||ffli§.e[ 

[0019] C"b7 5 » ***»S(M mB£ttTSfi2 

a . I5ias<*±gi5« 2 b . s?fa&SK 3 K 

5Xv1£(C®*a. CF, , C, F, , C, F, m®?? 
Agj^#KJ:9^j£3ttTfc-Sei#J?SU». c© 

[0020] *ms£ao igidmS4 «t*Em-« 
fiifestf 2 iSsiatSHiig 3 i©p B i. su c f?tat-i'xu 

h 8 £&#TSfirtag{rFS|5«2 a i|JiaS^±§|5 
«2 b £©IH*flWf«c«^Ta«£»4l,T. ja^B^M 
IIIaJS7ESg*iP.jiB4a/c^«c< i4>2a©7C5K. 

S^li ; £«uSCiK:<tO. BufaS^S»7. 1 0©Mffi 
tt**«JCiai±Sl*»4 4*K. C©m2&&?rg»!(CM 

[0 02 1] EP^, WEfiSfl-SWr***^^-^ 
F#*-7*tt-te-7 5 ^ d'^«!Efe(*£©iSni4*iM»T , «) 
0. fi$%K#Sti. S#gP7. 1 0©^?Ett*i^5? 

■c. s^?Kfi©^5->+fe/j>3<. i*^tt{c4>gnrt» 

-5. 

[0 02 2] ttlBSS»?fe**rS3M»S/^-f b5 4V*l 

^xcom&m&ms. 3xio-'~ sxio-'z-crifeo. « 
i«t7 s » ^^^^©ttJT?*fjg(c^ffl3nsM{kr 

A5--5A«te(*©}fefiJSS(^K ( 3.8X10T*~ 4.7X10 
-•/*C) i— &*>L< ttiSMU t^r^OilL©^ 
SS. Ki&©J»fi^©«UC*«:<i:*^JB7. 10©® 

^■J17. 1 0©»ffitt*fiWKMoTJ8«TSC£aJr 

7^@©^-7^®:{t*Tg«S50— 950 'CiiS< . i^S 
^H^,«:gH$raBS3 n-C fcg^ 7 . 10 #3Wfc t,& 

[0 02 3] fTta^ + ^W K^-5^»4»J5RO 

icpti < i 4> 2 a<D7cS<z>a{ b« i . -^fbs^ i . at 



5 

CO 0 2 4] CCCC, maSSaRCDWtlfti 
Urtt^tcBBSSftTY, 0 3 , Dy, 0, , Er, 0 
j . Gd, O, , La, O, . Yb a 0 3 , Sm, 0 3 
**WST*ci#r*4. cn6©^, flits, 

aSSESROBMbiftttCOY, O, <k£3EH8tt«J&ai, 
W^Dy, O, , Er, O, , Yb a OjjWffjgr* 

[0 0 2 5 ] £/c. fuldS^cofflfi£i:k^4>^c^3 
ttttc***. inajBOT*3^6i8tftifc^3tc< <b 

fc 2 ttWE*©BKb!B**£*r 20- 50 11%, 

<t3^R* 30 - 70 £BK. MftTiUS-'JA* 10 - 

(omitm^^tt-cm 1 : 1 tttajrsK^sns© 
c 0 0 2 6 ] ur. ±aj©jHSjg^»5E*. 

S sumJ^Ttc^O, i500^i700*C-C«lBOA:aft?& 
Lr #5 Ctl*tt!S 5ymlg^ 

^ mm^^mmt. n, h, -n, 

[0 0 2 7 ] Sfc, IffiBS^ttCCW, Sij N, «&5KR 

cx/xttA 1 n»*««wt 1-50 ms^iei^-r* 

CitfjffSm. SP*>, S ij N 4 »3fc^A I N»5fc<E> 

Ttf*4ft«c»|»tttl5l±-r*. E**l*»*7S»r 
tt»»IT S < , 50 lt°/ofi r 

+ F5-f F#5X*JBiiSS-tf4c 

[0 0 2 8 ] C«#JB<M») miIB»*2 
3 4©«M©S^«7®fl»* 5-180 urn. SuiSS 
»TB«2 a i SHgSft JiSPffi 2 b i©S^©S^/l 
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[0 0 2 9 ]IP%, IS^JB 7 ©ff*3&« 5Mm5feigr«, 
ffi^JB7©i!SS|JCC*5WS^ * U ? h^SEWF+dr* 
sct*6. «^7<o«*tt«:WRr*r, */dSte 

tt, «^Ji7©»SttttHl«r*afe©(0 1 S^^Kcd 
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[0 0 3 0 ] £ fc. Jg^JI 1 0 ©fl*#s 5/i m*8Jr 
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*/cJ£^sfft;Ra-r4. — :S\ o©j*sh&s i 

sou miHr«. 8^B 1 0©aStttt«Sr*4t€!) 
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[0 0 3 1 ] Ct-5rxU^> h] fufBt-^xU^> 
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isaeKa* 2.8g/cm i jy±, sar<o«»j;bfifi&w 

0.1Q c mKT©R{tS»*tt»3&>&«c*C 4*«»* L 

fit. CCDt-£xU-^> h 8tCiimT^C<i:CC 
J:0, tta«3S:BfS©fflK«:fiifiF , r4C:43&sr*5. 
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30 6«C*fc-^iUy> h 8tt, WAtf. «fH*4-65361 . 

js-r-5ci^r#s. 
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#X*aIAU S(£lfi©EE»* l«fiE*i«3^6 0.1 tor 

r ©tfflrftiJll»L^oafflS^3i**c4«:j:or^jsK 

s n/c^j^a^s^ 0 .m mart* zpammttjfcz 

C <D«tttt*Bffi«D'* * - >tcee^r jSSC^/JDXLT t - 
50 [0 03 4 ] L&LT* tfth<D t- U> > F 8 « 
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[0 0 3 5 ] £/c, »ttBPJ^flnr**C<!:3&s6>, 
T^JtgT&O, *>>o, £feg^g#2.8gr/cm J £c> 

«**fc< , JEtcSiar<D«aJ:ta!S^ l Q • cm«Ti 
[0 0 3 6 ]^- It, C©SBSS(DJB!BCc^SS««f*i6 

mcy'isxwEEL. m6Lxj&tit*&. m^^mm<Dm 

[0 0 3 7 ] ^LT, mSS4^fjieSf*±a5«2 bfo 
> h 8 £mf§ag#TSl5&2 a CDfuiBGO^ 1 1 «c* h 
[0 0 3 8] &tvc, {*»»3 tifcfiJE^^^KJS^fiO 
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tens® 4 3 tx/cSu it&#±zm 2b t mmm 

S3 ©*ft*ftCD«£BKCj»PU 100-200 *C~C&M 

[0 0 3 9] #^*»«^3Wfctf SfifcH* 
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[0 040] C (DttlJ&fcttSjiXtt 10 «Egffi«TCDBn 
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10 [0 04 2 ] ttte, «^fi©S[^I7 . 1 0 

ws^ffjosfewa. «^h#cm!to!»»k. B#r H i^(Dfe^ 

iiSSHfir & C t cc J: 0 ff 5 C 4 #"C£ -5. 
[0043] 

xu>> hSS»fflo^^W7^«ia«^swe>ti3fcias 

220mm, WJ* 15 mmOlftT JUS — •> J*iffi£i$m<D 
20 SftTSfltgi, ^MWlES 200mm, S££ 0.3m m<D# 
JRK«afittKffiORStKcg»^K^&tiA:KS 220m 
m, 8mm©a-ftr^5x«5Afi&B#lJ<DStt:±S 
ES 220mm, immCDfifbTJU 5 

[0044] «as«jjw^*«tttw#r*te«>© 
»as9^»jrasn*c4tt<sassti % «asffiK*s 3.1 

&/cm 3 . Sa"C<0«aikJStS** 0.0S Q • cm(DK 
»5JBtt©t-irxU»h4, luf elS^#-^ C 0 0 3 

C^n*WlOiWtS3Rt&*C0T*WStaw 0.7/xm. S 
»PS« 95 11%, »2CDOffca«<OWtia« 0.01 

Mm, mm&iz sjt^r^o, h^u^jg^feff 

(iy'UXa 40Okg/cm l , ggjJS&g 2200 'C, ^ 

9o^r^>^> Q ^/c, msSiLr. its 200m 

[0 04 5] 'X^-V. m 1 CCmTiftsSSrWr 
S^S'J (iSSft 2ym) «rrfjJE<D>^^ >J->*-f JUtfi 

O, 100—200 *C-Cf£j&U/c. 

[0 046 ] -ecDS. *7^SS^M?n/cI?: 

r*n«ibr/7 7^H«^sij*«ao, 1400 -cr 20 # 

50 •ftrtfcLr«««c»^l / fc. ^iPilS^ 25 *C/m i n. 
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[0 0 4 7 ] C©J:9fcUT»6tifc^S8*iK>. 

Sft±a5« 4 »a« a <d»^» ©«astt* war *&» 

tc m B^ttKR«:«Lfc. KWS**ai6c^r. * 

[0 04 8] * fc-*K:ffl«0T, SH*>& 

&m%Jg. 700*C^-C i W^r^Sb, ^fUfiKtt 30 
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*ra«»u -t<oaaa*r»»r*. c©b-h*-f* 

1000 b /c&OiiJI B&£S6cDSvStt£ , Herf 
'J- HCcfcOWRLfc. &*>\ ««tt 

O ; H e V -*fi#i<r * torr • 1 /sec 
A ; H e 'J -£S#10r'~ lCT' torr • 1 /sec 
X ; He y-^ft^KT'torr- 1 /sec tUb 
[0 049] 
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Dy 2 0, 


Y 2 O a 


A 1 2 O s 


SiO a 




X 5 


1 O 
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5 0 


O 
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2 5 


4 5 


o 




1 5 
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2 0 


5 0 


o 




2 O 


2 O 


2 O 


4 0 


o 
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1 5 


3 5 


o 
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Dy 2 0, 


Y 2 0 8 


A 1 2 0 3 


S i o 2 




0 


2 0 


4 0 
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X 


Jt««2 


0 


3 5 


2 0 
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A 




0 


A 0 


1 0 


5 0 


X 




2 0 


0 


4 0 


4 0 


X 




3 5 


0 


2 0 


4 5 


A 




4 0 


0 


1 O 


5 0 


X 
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**>^-rt«CKBU CF, +H, ( Storr) (D^S 
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*n»» l /Co im»TF«DEi»«:i(rE t - * x u 
ii. ctie^rAff ( 72 mm%) "Cu ( 25 it 

%) -Ti ( 3SS%) *P6**J8^5»J«:fl3t\ 10-' to 
rrCDM£.tp. 870"C, 20 l&PJCD^TTlS^'U 
8L mfiamStg©±(C/l^ 10 w mCOMitT ^ ^- ^ A 
WJH4rCVDffi«:J:0JBaLr. SSfi9#as«fMEU 



0, lesasPJlsaafctt^^XvcDR^ffiufc, c 

PMifiicr 1 torr • 1 /sec <fctt*K JS^-asoSttSffeWse 
[0054] 

»a*4fiSi 4 fcCC, lulES^imiietSSSiOPBl 
ash&EpjiifflistiiJaiEfiWartor, fir 
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t o o 5 5 ] g/c m^m2 {c^iss^^a-ctt. 

[ 0 0 5 6 ] £ fc. ff*S3 K^SSffiSJ#^S-C«. 
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1 ££&ft£g 

2 a «STSC« 

2 b «JS±gp« 

3 t53»* ^«feS»SS<D«SS 

6 INK* 

7 m^m 

8 fc-£iU>>h 
1 0 m-ii® 

ii. 12 mm 



cm ] 




own 



20 »»t«s " 



[02] 

3 BHK 




4 WHS 



2b *f*.t3Sfi 



2a Jt*TXe 



croon* #± ssee 
cnmwm tt± mm 



F 4C026 BA16 BB16 BF02 BF43 BF46 

BG02 BG27 BH13 
5F031 HA02 HA16 M42S 
SF045 BB14 EH04 EH08 EK09 EM02 
EM05 EM09 



